Normal guinea-pig endometrial cells, grown in primary culture, were made quiescent by serum depletion. Quiescent cells cultured in the control medium (containing 1% fetal calf serum treated with dextran-coated charcoal, DCC-FCS) showed a steady and weak rate of [3H]thymidine incorporation, but the addition of 15% fetal calf serum (FCS) or 10% DCC-FCS to the control medium induced a significant increase of DNA synthesis, demonstrating the responsiveness of the quiescent cells to stimulation. A lower but significant increase in [3H]thymidine incorporation was elicited by epidermal growth factor (EGF, 100 ng/ml) or insulin (10 \g=m\g/ml) added to the basal medium.
Introduction
The mechanism by which oestrogens affect cell proliferation in normal or cancer cells is not fully understood. Although oestradiol-17ß can stimulate the growth of uterine, vaginal and mammary cells in vivo, it is not able to induce, directly in vitro, the proliferation of normal epithelial cells (Imagawa et ai, 1982; Tomooka et ai, 1986; Uchima et ai, 1987) or of mammary tumour cell lines (Barnes & Sato, 1979; Shafie, 1980; Butler et ai, 1983) .
A number of indirect modes of action of oestrogens have been suggested (Dickson & Lippman, conflicting results from in-vivo and in-vitro experiments (see review in Sutherland et ai, 1988) confirm the need for a standardized in-vitro model for studying the mechanisms by which oestrogens control proliferation of normal oestrogen-sensitive epithelial cells.
We have previously demonstrated, using autoradiography, [3H]thymidine incorporation and cell numeration, that endometrial cells grown in primary culture may be put into quiescence by serum depletion in the culture medium (Alkhalaf et ai, 1989a; Jouvenot et ai, 1990; Alkhalaf et ai, 1991) , which arrests the cell cycle and results in accumulation of cells in the G0/G! phase, assessed by flow cytometry studies (M. Alkhalaf, A. Y. Propper and G. L. Adessi, unpublished results) . In this paper, the ability of quiescent endometrial cells to resume DNA synthesis, after stimulation by entire or steroid-deprived fetal calf serum, was checked and the effect of growth factors and oestradiol-17ß alone or together was tested.
Materials and Methods Reagents. Medium RPMI 1640 with or without phenol-red, L-glutamine, penicillin, streptomycin, gentamycin, fungizone, Hepes buffer and fetal calf serum (FCS) was obtained from Vietech (Saint-Bonnet de Mure, France). Mouse epidermal growth factor (EGF), porcine insulin and oestradiol-17ß were purchased from Sigma Chimie (La Verpillière, France). Collagenase Worthington CLS-I (284 U/mg) was obtained from Intermed (Strasbourg, France).
[Methyl-3H]thymidine (sp. act. 40-60 Ci/mmol) was obtained from Amersham (Les Ulis, France). All chemicals were of the analytical reagent grade.
Cell culture. Uteri were removed from virgin guinea-pigs of the Hartley albino strain, weighing 500-600 g, on the day of vaginal opening. The methods for the isolation of endometrial epithelial glands and the primary culture procedure have been reported by Chaminadas et ai (1986) and Alkhalaf et al. (1987) . Epithelial glands were plated in 60-mm culture dishes (Falcon, Grenoble, France) at 2^t IO2 glands/dish in 7 ml of growth medium: RPMI 1640 with phenol-red containing FCS (10%, v/v), EGF (25 ng/ml), insulin (1 µg/ml), Hepes buffer (20mmol/l), fungizone (2-5 µg/ml), penicillin (100 U/ml), streptomycin (100 µg/ml) and L-glutamine (4 mmol/1). Cell cultures were conducted at 37°C in an atmosphere of 95% air and 5% C02. After 2 days of culture, the medium was changed for fresh growth medium and the cells were cultured for 2 more days (Day 4). After this initial culture period, cells were made quiescent by serum depletion (Alkhalaf et ai, 1989a) .
On Day 4, the cells were washed with 5 ml of basal medium (BM) composed of phenol-red-free RPMI 1640 (Berthois et ai, 1986) supplemented with 1% fetal calf serum treated with dextran-coated charcoal (DCC-FCS), insulin (1 µg/ml), Hepes buffer (20 mmol/1), fungizone (2^g/ml), penicillin (100 U/ml), streptomycin (100µg/ml) and L-glutamine (4 mmol/1). This medium was changed every 16 h for 2 days. Concentrations of oestradiol-17ß, oestrone, oestrone sulphate and progesterone in the third washing medium were under the detection limit of the radioimmunoassays, i.e. 20 pmol/1 (Adessi et ai, 1982; Prost et ai, 1984) . The absence of mycoplasma contamination was checked by staining with the fluorochrome Hoechst 33258 (Intermed, Strasbourg, France). The percentage of epithelial cells at the end of the washing period was determined by the cytokeratin immunodetection test (Alkhalaf et ai, 1989b) .
At the end of the washing period, a set of dishes were kept in BM as controls while others were submitted to various stimuli: 15% fetal calf serum, 10% DCC-FCS, EGF (100 ng/ml) or insulin (10 µg/ml) added to BM. The effect of oestradiol-17ß on quiescent cells was tested ai 10~10 to 10"5 mol/1 in BM with or without growth factors.
[3H]Thymidine incorporation in the acid-insoluble fraction. Synthesis of DNA in cultured cells was measured by I h pulse labelling with [3H]thymidine (3 µ / ). Then, the cell layer was gently washed three times with 5 ml cold Hanks' Balanced Salt solution containing a 200-fold excess of unlabelled thymidine. Cells were collected by trypsinization (0-1 % trypsin w/v and 0-5 mmol EDTA/1) and separated into two fractions: one was used for cell counting and the other to determine [3H]thymidine incorporation into the acid-insoluble fraction and total DNA content. Ice-cold trichloracetic acid was added at a final concentration of 5% (w/v) for 15 min and the precipitate was washed twice with absolute ethanol. Precipitates were then dissolved in 1 ml NaOH (0-2 mol/1), and 500 µ of each sample was neutralized with HC1 (1-5 mol/1); radioactivity was measured in 5 ml of a liquid scintillation solution (Readyvalue, Beckman, Strasbourg, France). The amount of DNA in the acid-insoluble material was assayed using the fluorescence enhancement of 4,6-diamidino-2-phenylindol (Brunk et ai, 1979) . Data analysis. The statistical significance of data was evaluated by one-way variance analysis (anova) and
Student's f-test.
Results
Primary cell culture and induction of cell quiescence Every 24 h during the initial growth culture period, three dishes were randomly chosen to deter¬ mine the number of cells and [3H]thymidine incorporation (Fig. 1 ). During the first 2 days of culture, while cells were spreading from the epithelial glands, no change in number of cells was observed. Then a rapid increase occurred and the cell proliferation curve showed that the cell population doubled in~30h. On Day 4, the number of cells per dish was 703 ± 1-67 IO5 (mean ± s.e.m.;« = 3) consisting of non-confluent monolayer colonies of glandular epithelial cells.
[3H]Thymidine incorporation increased gradually from Day 2 to Day 4 with a 6-9-fold increase on Day 4 compared with Day 2. On Day 4, arrest of cellular proliferation was achieved by serum depletion for 2 days; on Day 6 there were 70-95% epithelial cells. Cell viability controlled by the trypan blue exclusion test was > 95%. The number of cells on Day 6 was similar to that on Day 4 (P > 0-05). A significant decrease in [3H]thymidine incorporation occurred on Day 6 compared with Day 4 (P < 002) and its level was identical to that on Day 2 (P > 005) indicating that the cells were made quiescent by serum depletion. (D). Endometrial epithelial glands were plated on Day 0 in growth medium renewed on Day 2. On Day 4, the medium was changed to basal medium (arrow). Cells were counted in triplicate dishes and [3H]thymidine incorporation (after a 1 h pulse labelling) in the acid-insoluble fraction was measured in the same dishes (mean ± s.e.m).
Effect of FCS on quiescent cells
At the end of the washing period, randomly chosen sets of dishes were fed with basal medium (BM) as controls. Quiescent cells grown in this condition exhibited weak and steady [3H]thymidine incorporation (Fig. 2) and their number diminished progressively as the cells began to lose their adhesiveness to the plastic surface and floated freely in the medium where they died. To assure that the quiescent cells were able to resume the cell cycle, other sets of dishes were stimulated by the addition of 15% untreated FCS to 7 ml of BM. At different times after the FCS addition, the incorporation of [3H]thymidine into the acid-insoluble fractions was measured (1 h of pulse label¬ ling) (Fig. 2 ). During the first 12 h of stimulation, [3H]thymidine incorporation was low and decreased linearly; this drop was followed by a dramatic increase 12-24 h after the medium change, reaching a ratio of 8-7(16 vs. 12 h). A new significant increase took place after 1 day, but [3H]thymidine incorporation did not return to its initial level, suggesting a partial loss of cell synchroniz¬ ation. The DNA content/cell showed the same significant pattern: it increased as a response to FCS addition and reached a maximum after 16 h; this increase was 2-fold between 4 and 16 h (15-8 + 2-2 vs. 30-2 ± 7-6 µg DNA/106 cells; < 001). The number of cells increased during FCS stimulation from 0-67 ± 014 106 cells/dish at 4 h to 1-25 ± 0-20 at 60 h. 
Effect of oestradiol-17ß and growth factors on DNA synthesis
Increasing amounts of oestradiol-17ß (IO-10 to 10"5 mol) were dissolved in 10 ml of BM and their effect on [3H]thymidine incorporation was observed after a pulse labelling of 1 h given at the end of the incubation period (16 h) (Fig. 3) . A significant decrease in [3H]thymidine incorporation (anova, F-4-1; < 0-02) was obtained with rising concentrations of oestradiol-17ß, and an inhibition of 50%, compared with the control, was exerted by the highest concentrations tested (P < 0-01). Under these experimental conditions, oestradiol-17ß per se did not stimulate DNA synthesis; this may have been due to the lack of growth-promoting factors in the incubation medium. Quiescent cells were incubated for 16 h in BM containing either EGF (100 ng/ml) or insulin (10µg/ml) alone or in combination with oestradiol-17ß (2 nmol/1). EGF or insulin alone induced an identical and significant increase in [3H]thymidine incorporation (Fig. 4) compared with the control or with oestradiol-17ß alone (P < 002). When oestradiol-17ß (2nmol/1) was added in BM with either EGF or insulin, the increase in [3H]thymidine incorporation exerted by these growth factors was not enhanced by the presence of oestradiol-17ß (data not shown). FCS induced a significant increase in DNA synthesis (Fig. 2) . DCC-FCS alone induced a significant increase (P < 002) of [3H]thymidine incorporation compared with the control (BM alone) or with the control supplemented with oestradiol-17ß (2 nmol/1). The stimulation by DCC-FCS was higher than that induced by EGF or insulin (P < 002). When oestradiol-17ß (2 nmol/1) was added to the BM containing 10% DCC-FCS, a significant increase in [3H]thymidine incorporation was noticed compared with the effect exerted by 10% DCC-FCS alone (P < 0-02). [3H]Thymidine incorporation in quiescent guinea-pig endometrial cells treated with oestradiol-17ß (E; 2 IO"9), insulin ( µ^ ), EGF (100 ng/ml) or 10% fetal calf serum treated with dextran-coated charcoal (DCC-FCS) alone or with 2 10"9m oestradiol-17ß.
[3H]Thymidine incorporation was measured in the acid-insoluble fraction after a 1 h pulse labelling at the end of the incubation period (16 h; mean ± s.e.m.; = 3); C, untreated control cells.
Discussion
In the present report, we described a procedure for studying the effects of serum, oestradiol-17ß and some growth factors on the growth of quiescent uterine glandular epithelial cells. The method used to grow endometrial cells in primary culture has been described previously (Chaminadas et ai, 1986; Alkhalaf et ai, 1987 Alkhalaf et ai, , 1989a . The hormone responsiveness of the cells at the end of the growth phase was assessed by the presence of functional receptors for both oestrogens and pro¬ gesterone, the increase of progesterone receptors elicited by oestradiol-17ß, and the induction of specific proteins by progesterone (Chaminadas et ai, 1989) . The choice of the basal medium RPMI supplemented with 1 % DCC-FCS to induce the cells in quiescence was founded on the require¬ ments that: (i) the medium should be devoid of [3H]thymidine to avoid competition between cold and tritiated [3H]thymidine; (ii) the medium should neither affect cell viability nor alter the adhesion of cells to the dish surface but keep the cells hormone-responsive; this was achieved using 1 % DCC-FCS (Alkhalaf et ai, 1989a, b) ; and (iii) the quiescent cells should remain able to re-enter the cell cycle after stimulation by a growth-promoting medium; this was demonstrated by the appearance of a peak of DNA synthesis 16 h after stimulation by 15% FCS. The 2-fold increase in DNA content/cell at 16 h was the maximum value which could be expected and it reflected the synchrony of the cell cycle. Under these experimental conditions, oestradiol-17ß per se did not stimulate DNA synthesis in the presence of only 1% DCC-FCS.
[3H]Thymidine incorporation was inhibited when the concen¬ tration of the hormone increased. This failure of oestradiol-17ß to induce cell proliferation directly in vitro has been reported for normal vaginal, uterine and mammary epithelial cells (Imagawa et ai, 1982; Tomooka et ai, 1986; Uchima et ai, 1987) . Conversely, it has been shown that oestradiol-17ß induced cell proliferation in primary cultures of rabbit uterine epithelial cells, but only when the cells were grown at low density in a synthetic medium (Gerschenson et ai, 1981) . The absence of hormone effect on cell proliferation that we observed was, however, not due to inhi¬ bition resulting from high cell density, since our studies were performed at low cell density, and in the same conditions an increase of DNA synthesis was elicited by 15% FCS or 10% DCC-FCS alone.
Polypeptide growth factors appear to be implicated in the growth regulation of oestrogensensitive tissues acting through an autocrine as well as a paracrine mechanism (Teng et ai, 1986; Dickson & Lippman, 1987; Soto & Sonnenschein, 1987 ; Van der Burg et ai, 1988). The quiescent cells in BM were able to re-enter the cell cycle after stimulation by insulin or EGF or 10% DCC-FCS. It has been reported (Moore, 1981) that 10 pg insulin/ml induced a decrease in cytosolic oestrogen receptor content in MCF-7 cells, which thus became oestrogen insensitive, results recently confirmed by Ruedl et ai (1990) . This could explain the lack of oestradiol effect on insulinstimulated cells. This effect of insulin was not described for normal vaginal cells grown in primary culture (Uchima et ai, 1987) .
A potentiating effect of oestradiol on the stimulation exerted on thymidine incorporation by the addition of 10% DCC-FCS to the BM was noticed, but no synergistic effect between oestradiol and EGF or insulin occurred in the presence of only 1% DCC-FCS. It is tempting to explain this effect of oestradiol by the neutralization of a so-called inhibitor in the serum, according to the mechanism suggested by Soto & Sonnenschein (1987) . The presence in the serum of unknown factors required for cultured cells to respond to hormone stimulation may also be postulated (Kano-Sueoka et ai, 1979; Page et ai, 1983) ; such factors could be responsible for the growth of oestrogen-sensitive cells in whole animals (Sirbasku, 1978) .
We may conclude that oestradiol is thus unable to stimulate, alone, the growth of quiescent uterine epithelial cells in primary culture and requires, to be efficient, the presence of serum factor(s) different from EGF and insulin.
